MacFarlane PM. Severity of neonatal hyperoxia determines structural and functional changes in developing mouse airway. Am J Physiol Lung Cell Mol Physiol 307: L295-L301, 2014. First published June 20, 2014 doi:10.1152/ajplung.00208.2013.-Wheezing is a major long-term respiratory morbidity in preterm infants with and without bronchopulmonary dysplasia. We hypothesized that mild vs. severe hyperoxic exposure in neonatal mice differentially affects airway smooth muscle hypertrophy and resultant airway reactivity. Newborn mice were exposed to 7 days of mild (40% oxygen) or severe (70% oxygen) hyperoxia vs. room air controls. Respiratory system resistance (Rrs), compliance (Crs), and airway reactivity were measured 14 days after oxygen exposure ended under ketamine/ xylazine anesthesia. Baseline Rrs increased and Crs decreased in both treatment groups. Methacholine challenge dose dependently increased Rrs and decreased Crs in 40% oxygen-exposed mice, whereas Rrs and Crs responses were similar between 70% oxygen-exposed and normoxic controls. Airway smooth muscle thickness was increased in 40%-but not 70%-exposed mice, whereas collagen increased and both alveolar number and radial alveolar counts decreased after 40% and 70% oxygen. These data indicate that severity of hyperoxia may differentially affect structural and functional changes in the developing mouse airway that contribute to longer-term hyperreactivity. These findings may be important to our understanding of the complex role of neonatal supplemental oxygen therapy in postnatal development of airway responsiveness.
-Wheezing is a major long-term respiratory morbidity in preterm infants with and without bronchopulmonary dysplasia. We hypothesized that mild vs. severe hyperoxic exposure in neonatal mice differentially affects airway smooth muscle hypertrophy and resultant airway reactivity. Newborn mice were exposed to 7 days of mild (40% oxygen) or severe (70% oxygen) hyperoxia vs. room air controls. Respiratory system resistance (Rrs), compliance (Crs), and airway reactivity were measured 14 days after oxygen exposure ended under ketamine/ xylazine anesthesia. Baseline Rrs increased and Crs decreased in both treatment groups. Methacholine challenge dose dependently increased Rrs and decreased Crs in 40% oxygen-exposed mice, whereas Rrs and Crs responses were similar between 70% oxygen-exposed and normoxic controls. Airway smooth muscle thickness was increased in 40%-but not 70%-exposed mice, whereas collagen increased and both alveolar number and radial alveolar counts decreased after 40% and 70% oxygen. These data indicate that severity of hyperoxia may differentially affect structural and functional changes in the developing mouse airway that contribute to longer-term hyperreactivity. These findings may be important to our understanding of the complex role of neonatal supplemental oxygen therapy in postnatal development of airway responsiveness. airway; hyperoxia; hyperreactivity; neonate; oxygen THE GREAT STRIDES MADE IN improving survival of preterm infants have been associated with significant increases in the incidence of neonatal lung injury and resultant bronchopulmonary dysplasia (BPD). The combination of high levels of inspired oxygen with or without mechanical ventilation superimposed on an already immature lung has been most widely implicated in the pathogenesis of BPD. Over the last decade, rigorous attempts have been made to limit extent and duration of supplemental oxygen and ventilatory support; however, preterm infants are still frequently in need of prolonged exposure to supplemental oxygen (10, 18) . Many of these infants will not necessarily develop BPD, most commonly defined as a need for supplemental oxygen at a postmenstrual age of 36 wk. However, they remain at high risk for subsequent wheezing disorders in infancy, childhood, and adolescence (8, 9) . The underlying mechanisms for this increase in airway reactivity in former preterm infants is unclear (11) . It would appear unlikely that the mechanisms of increased airway reactivity are identical to those that contribute to the "new BPD" of the postsurfactant age that involves alveolar and vascular dysmorphogenesis. However, given that wheezing disorders including asthma involve structural and functional changes of the airway, there needs to be better understanding of how supplemental oxygen influences different cell types in the developing airway.
Clinically, there is a trend toward reducing the extent and duration of oxygen exposure while minimizing detrimental effects from insufficient oxygen saturations. However, for the immature lung to maintain oxygen saturations, some level of hyperoxia is needed. What is less clear is the differences in the responses of the immature airway to different levels of hyperoxia. Furthermore, what is not known is whether these effects are long-lasting and contribute to altered airway structure or function later in life. From an in vivo perspective, hyperoxiaexposed neonatal rodents have been widely employed to study the pathophysiology of neonatal lung injury. Initial studies focused on the effects of ϳ95% oxygen and documented increased airway reactivity, accompanied by an increase in airway smooth muscle (ASM) layer thickness, both of which resolved several days after cessation of oxygen exposure (7) . In contrast, neonatal guinea pigs exposed to 70% oxygen showed a persistent increase in airway response to cholinergic agonist after return to normoxia (17) . Other studies have focused on the responses of airway function to more modest levels of hyperoxic exposure. In response to prolonged exposure to 50 or 60% oxygen in newborn rats, there was an increase in contractility of tracheal and bronchial rings, but this was only measured at completion of hyperoxic exposure (2, 3) . However, the major clinical problem appears to be that increased airway reactivity is exhibited by former preterm infants long after cessation of hyperoxic exposure. What remains unclear is whether the same detrimental processes initiated by hyperoxia in the early postnatal period continue to exert effects even after withdrawal of hyperoxia, or whether new mechanisms come into play (potentially even triggered by early events).
The aim of this project was to determine the differential effect of two levels of neonatal hyperoxic exposure (severe, i.e., 70%, and modest, i.e., 40%) on airway function in mice beyond cessation of exposure to supplemental oxygen. We have previously documented that exposure to Ͼ95% oxygen upregulates epithelial arginase in neonatal rat pups, which would be expected to increase lung collagen content and potentially restrict airway constriction (1) . Furthermore, we have shown that levels of supplemental oxygen Ͼ60% cause apoptosis in human fetal ASM cells in contrast to the ASM proliferation observed at lower levels of oxygen exposure (6) . This is consistent with the inhibition of apoptosis observed in lung cells of neonatal rats exposed to 60% compared with 95% oxygen (23) . We therefore sought to test the hypothesis that modest hyperoxic exposure would cause a greater increase in airway reactivity compared with severe hyperoxia and that this response would be sustained beyond completion of hyperoxic exposure. These parameters for oxygen exposure match well with the increasingly adopted clinical protocols of moderate hyperoxia of limited duration for preterm infants.
EXPERIMENTAL METHODS
Time-pregnant mice (C57Bl/6J) were purchased from a commercial vendor and were later observed to give birth in our animal facility. All terminal experiments were performed on 21-day-old mice. All procedures were carried out in accordance with the National Institute of Health (NIH) guidelines for care and use of laboratory animals and were approved by the Animal Care and Use Committee at Case Western Reserve University.
Hyperoxia exposures. Following the day of birth (P0), the dam and her pups were raised in either normoxia (control; Ctrl), 40% oxygen, or 70% oxygen until 7 days of age; temperature and humidity were monitored and maintained constant during a 12:12-h light-dark cycle. Hyperoxia was achieved by placing the mother and pups inside a Plexiglas chamber (30 ϫ 50 ϫ 28 cm) connected to adjustable rotameters for mixing air and oxygen to the designated level of hyperoxia. Oxygen concentration was monitored (TED 60T, Teledyne Analytical Instruments) and adjusted if necessary to maintain appropriate levels. Airflow through the chambers was maintained at ϳ3 l/min. Carbon dioxide (CO 2) levels in the airflow exiting the chambers were measured to ensure flow was adequate to prevent CO2 accumulation. Sustained hyperoxia exposure lasted 24 h/day for 7 consecutive days. Dams were cycled between litters exposed to room air and hyperoxia every 24 h to minimize acute oxygen toxicity and to ensure that the normoxic and hyperoxic dams received the same exposure. At the end of the seventh day of exposure, the pups were removed from the chamber and then raised for a further 14 days in normoxia. Cages, water, and food were replaced every 3 days. Normoxic mice received room air for the same time period.
Measurement of respiratory mechanics. At 21 days of postnatal age the mice were similar in body weight (Ctrl, 11.1 Ϯ 0.4 g; 40% oxygen, 11.3 Ϯ 0.4 g; and 70% oxygen, 9.7 Ϯ 0.8 g). The mice were anesthetized in preparation for measurements of airway responses to inhaled methacholine. Anesthesia was induced by an intraperitoneal injection of ketamine/xylazine (100 mg/kg of ketamine and 10 mg/kg of xylazine); depth of anesthesia was assessed by observing the lack of response to toe pinch and supplemental injections were given approximately every 30 min. Once adequately anesthetized, the mouse was placed supine on a heated stainless steel surgical table to maintain constant body temperature (ϳ37°C). The trachea was cannulated with an 18-gauge blunt needle. The cannula was inserted through a small ventral incision made in the rostral-most part of the trachea and advanced ϳ3 mm caudal to the incision. The cannula was then held securely in place with suture tied around the trachea. The mouse was then mechanically ventilated in 50% oxygen (Teladyne O 2 sensor; balance N2) at 150 breaths/min, 10 ml/kg, and 3 cmH2O positive end-expiratory pressure with a computer-controlled, small animal ventilator (flexiVent; SCIREQ). Before measurements of respiratory system resistance (Rrs) and compliance (Crs), the lungs were inflated three times to total capacity to standardize the volume history among animals. Freshly prepared methacholine in saline was delivered through an inline nebulizer in doses of 0, 3, 6.25, 12.5, 25, 50, 100, and 200 mg/ml for 10 s. The direct delivery of methacholine to the lung was timed with inspiration by using the automated software. After each methacholine dose was administered, Rrs and Crs were assessed approximately every 45 s. Four measurements were made at each dose of methacholine in control (n ϭ 10), 40% oxygen (n ϭ 9)-, and 70% oxygen (n ϭ 8)-exposed pups. At the end of the experiment, the pups received a lethal intracardiac injection of urethane anesthesia. Additional control and oxygen-exposed mice were used in each of the following morphological and immunohistochemical analyses.
Immunofluorescence for ASM. The trachea was cannulated and the lungs were inflation fixed (25 cmH2O) for 10 min with 10% neutralbuffered formalin. The left lung was removed, prepared for immunostaining, and postfixed for 2 days at 4°C. The fixed lobe was dehydrated in graded alcohol and embedded in paraffin. Paraffin-embedded sections were dewaxed in xylenes, rehydrated, and incubated with a monoclonal antibody against mouse anti-␣-smooth muscle actin (1: 400 dilution, Sigma-Aldrich) overnight at 4°C. Immune complexes were captured with FITC-conjugated donkey anti-mouse secondary antibodies (1:500, Alexa Fluor-488, Invitrogen). Appropriate negative controls were run by omitting the primary antibody to confirm nonspecific staining, which was not observed. Immunostained sections were coverslipped with Vectashield mounting medium (Vector Laboratories) and visualized with a fluorescence microscope. Images of the immunostained sections were captured with a Rolera XR CCD camera (Q-Imaging) mounted on a microscope (Leica Microsystems). Five random images at ϫ20 magnification were captured from six to seven animals per group by using digital image analysis software with settings for color and size identification (Image Pro Plus 7.0). The area of airways and the green fluorescent areas of ␣-smooth muscle actin from five airways per animal were measured. The amount of ASM area was expressed as a ratio to the total airway (AW) surface area.
Staining for collagen in ASM. Masson's trichrome staining was performed in 5-m thin sections from left lung as per the manufacturer's instructions (Masson's trichrome kit, Sigma-Aldrich, St. Louis, MO). In brief, the paraffin sections were dewaxed, rehydrated, stained, and destained to obtain ideal staining for collagen. The sections were dehydrated, dipped in xylene, and mounted in permanent mounting medium. Five airways from a given mouse were randomly selected and the surface area that was positively stained for collagen was averaged from controls (n ϭ 8), 40% (n ϭ 5), and 70% (n ϭ 5)-exposed pups. For collagen measurement all images were taken at the same camera setting. By use of digital image analysis software, airways were outlined and intensity of blue color was measured by using a cutoff window between 155-255. The amount of collagen area was expressed as a ratio to the total airway area (collagen area/airway area).
Lung histology and morphometry. Paraffin-embedded sections (5 m) were prepared and stained with hematoxylin-eosin. Three randomly chosen hematoxylin-eosin areas were photographed with a ϫ20 objective by using a Rolera XR CCD camera (Q-Imaging) mounted on a microscope (Leica Microsystems). Three airways per animal were analyzed with research-based digital image analysis software (Image-pro Plus 7.0, Media Cybernetics) and a custom macro written for automated assessments of alveolar morphometry in five pups from each group. Air spaces within the image were selected by color segmentation, and incomplete air spaces were excluded from analysis. The macro was used to determine the number of complete air spaces in the image. The extent of alveolarization was determined by the radial alveolar count (RAC) method. Two to three airways per pup were analyzed for radial alveolar count, determined by counting the number of alveolar septa transected by a perpendicular line drawn from the terminal bronchiole to the nearest connective tissue septum.
Statistical analysis. Statistical comparison of baseline mechanics and lung morphology (ASM area, radial alveolar count, collagen and alveolar numbers) between treatment groups were performed by a one-way ANOVA. Comparison of slopes to methacholine responses between groups were made by two-way, repeated-measures ANOVA.
Differences were considered significant at P Ͻ 0.05. All values are expressed as means Ϯ SE.
RESULTS

Baseline respiratory mechanics.
Baseline values for respiratory mechanics were measured at 3 wk of age in normoxia (n ϭ 10), 40% oxygen (n ϭ 9), and 70% oxygen (n ϭ 8)-exposed pups. The sex distribution between treatment groups was as follows: Normoxia controls, M ϭ 4, F ϭ 6; 40% oxygen, M ϭ 3, F ϭ 6; 70% oxygen, M ϭ 3, F ϭ 5. Rrs in 40% and 70% oxygen was significantly higher than in controls (Ctrl, 1.27 Ϯ 0.06; 40%, 1.48 Ϯ 0.09; and 70%, 1.54 Ϯ 0.06 cmH 2 O·ml Ϫ1 ·s Ϫ1 ). There was no difference in Rrs between 40% and 70%-exposed pups (Fig. 1A) . Respiratory system compliance (Crs) in 40% and 70%-exposed pups also differed to controls (Ctrl, 0.0150 Ϯ 0.0007; 40%, 0.0124 Ϯ 0.0006; and 70%, 0.0130 Ϯ 0.0010 ml/cmH 2 O). There was no difference in Crs between 40 vs. 70% oxygen-exposed pups (Fig. 1B) .
Dose response to methacholine challenge. Three-week-old mice exposed to 40% oxygen demonstrated a statistically significant increase in the slope of Rrs and Crs in response to methacholine compared with controls. On the other hand, the response to methacholine in pups exposed to 70% oxygen did not significantly differ from control mice (Fig. 2, A and B) .
ASM morphology. The amount of ASM was quantified by determining the surface area of ␣-smooth muscle actin-positive staining in lung sections from each treatment group: Ctrl (n ϭ 6), 40% oxygen (n ϭ 6), and 70% oxygen (n ϭ 7). Values are expressed as a ratio of ASM surface area/AW surface area. The amount of ASM was significantly increased in the 40% oxygen-exposed mice (0.068 Ϯ 0.015) compared with Ctrl (0.016 Ϯ 0.002) (Fig. 3A) . In contrast, the amount of ASM in 70% oxygen-exposed mice (0.039 Ϯ 0.005) was significantly less than in 40% oxygen mice but was not greater than control (Fig. 3A) . Representative lung sections illustrating ␣-smooth muscle actin-positive immunohistochemistry are provided to highlight the presence of ASM from each treatment group (Fig. 3, B-D) .
Airway collagen and alveolar morphology. The amount of airway collagen was quantified by determining the surface area of trichrome-positive staining in lung sections from each treatment group: Ctrl (n ϭ 8), 40% oxygen (n ϭ 5), and 70% oxygen (n ϭ 5). Collagen levels were increased in 40% oxygen in 3-wk-old mice exposed to neonatal hyperoxia [40% or 70% oxygen, from birth to postnatal day 7 (P7)] or normoxia (Ctrl). There were statistical differences in baseline Rrs and Crs between both oxygen-exposed groups and controls (*P Ͻ 0.05; **P Ͻ 0.02). (Fig. 4A) . The amount of collagen in 40% oxygen-exposed mice was not significantly different from that following 70% oxygen exposure. Representative lung sections illustrating trichrome staining to highlight presence of airway collagen from each treatment group are also shown under different magnification (Fig.  4B, i-vi) . The number of alveoli was quantified following hematoxylin-eosin staining of lung sections from each treatment group (n ϭ 5 animals from each group). The number of alveoli was decreased in both 40% oxygen (266.6 Ϯ 61.3/m 2 )-and 70% oxygen (219.2 Ϯ 22.3/m 2 )-exposed mice compared with Ctrl (435.9 Ϯ 45.8/m 2 , Fig. 5A ). Consistent with these data, there was a significant decrease in radial alveolar count in both hyperoxia-exposed groups compared with controls (Ctrl, 10.9 Ϯ 0.4; 40%, 8.1 Ϯ 0.5; and 70%, 7.7 Ϯ 0.3 alveoli; P Ͻ 0.01). Radial alveolar counts did not differ between 40% and 70%-exposed pups (Fig. 5B) . The number of alveoli in 40% oxygen-exposed mice was not significantly different to 70%-exposed pups. Representative lung sections demonstrate lung parenchyma and alveolar morphology for each treatment group (Fig. 5C,  i-iii) .
Rrs
DISCUSSION
This study was driven by the consistent observation that increased airway reactivity is a prominent longer term consequence of preterm birth, especially as a sequelae of neonatal lung injury (8, 9) . We deliberately chose to study our model at 3 wk postnatal age due to the high incidence of childhood wheezing disorders in former preterm infants. Recent anatomic data indicate that neonatal hyperoxic exposure results in enhanced bronchiolar smooth muscle in adult mice, consistent with our present data (16) . To our knowledge this is the first study in which a neonatal rodent model was exposed to modest hyperoxia and airway reactivity was assessed beyond the period of hyperoxic exposure. Our major finding is that methacholine-induced increase in airway reactivity was only clearly observed after exposure to 40% oxygen compared with either normoxia or 70% exposure. This was associated with a significant increase in ASM after 40% oxygen exposure, in contrast to 70%. These findings may have implications for the sustained increase in airway reactivity observed in preterm infants, many of whom may have only modest and/or transient hyperoxic exposure.
In response to either 40% or 70% hyperoxia, there was an increase in baseline respiratory Rrs and decrease baseline Crs compared with normoxia-exposed mice. A prior study in which mouse pups were exposed to 85% oxygen for 14 days demonstrated an increase in resistance and decrease in compliance at completion of hyperoxic exposure, but these changes were absent after a subsequent 14-day recovery in room air (19) . In another recent study newborn mice were exposed to 40 -100% oxygen for 4 days, followed by recovery in room air until 8 wk of age (22) . Exposure to less than 60% oxygen did not significantly affect lung function and this differs from our own findings. Our data do demonstrate a modest but significant change in baseline respiratory function after recovery from hyperoxic exposure. The discrepancies in these findings may be related to duration (4 vs. 7 days) of exposure or time of study after recovery from hyperoxia. Neither of the prior studies measured the effect of a bronchoconstrictor challenge on airway function.
There are limited available data on the longer lasting effects of hyperoxic exposure on airway structure and function in different neonatal animal models. They have demonstrated both recovery of hyperoxia-induced airway remodeling 2 wk after hyperoxia exposure in rat pups and persistence of airway hyperreactivity 9 days after cessation of hyperoxic exposure in neonatal guinea pigs (7, 17) . Both studies employed exposure to high supplemental oxygen (Ͼ95% and 70%, respectively) and neither study used neonatal mice, confounding comparison to our own data. We have demonstrated a profound increase in respiratory system resistance that was manifest after 2-wk recovery in room air. The greater increase in airway reactivity with modest hyperoxia (vs. normoxia or severe hyperoxia) may appear counterintuitive, and therefore we sought to explore potential underlying mechanisms that reflect functional or structural change in the airway after modest hyperoxia exposure. Newtonian resistance (Rn) was not different between groups at any dose of methacholine (data not shown), suggesting an effect of hyperoxia on smaller airway structures that probably do not contribute to Rn measures. Although we cannot exclude changes in ASM function, or its innervation, we have observed a selective increase in the amount of ASM associated with modest hyperoxia. This was documented by quantification of ␣-smooth muscle actin protein and confirmed by immunofluorescence. Although these changes in ␣-smooth muscle actin are suggestive of increased ASM mass, they do not provide direct evidence for increased contractility of that mass per se. Accordingly, future studies will need to explore other proteins including calcium regulatory proteins and myosin light chains to determine the functional effect of increased ASM mass. Although we have not focused on changes in airway epithelium in this study, it is apparent that it was affected by oxygen exposure and therefore it is conceivable that a potential in- crease in epithelial thickness after 70% oxygen exposure may impair methacholine delivery to ASM and attenuate a contractile response. Since body weights between treatment groups were not significantly different, this is unlikely to account for the observed effects of hyperoxia on ASM. We do not anticipate that the differences in methacholine responses would be explained by sex differences since there was not a predominance of male pups in the 40% oxygen-exposed group. However, we acknowledge that sex differences should be an important contributing factor to airway reactivity, as shown previously (12) . Prior studies have reported on the role of 95-100% hyperoxic exposure in promoting apoptosis in the mesenchyme of the developing lung (4) . In contrast, more recent data have proposed that 60% oxygen exposure for 14 days may inhibit apoptosis and contribute to parenchymal thickening in neonatal rat lungs (23) . In a prior study we sought to determine the role of various oxygen concentrations in inducing proliferation of human fetal ASM cells under in vitro conditions (6) . We documented enhanced proliferation at Ͻ60% oxygen exposure but increased apoptosis at Ͼ60% was accompanied by corresponding changes in proliferative vs. apoptotic markers (6) . These prior data lead us to speculate that the enhanced airway reactivity observed in our neonatal mouse model at 40% vs. 70% oxygen may result from a shift in the balance from enhanced ASM proliferation toward greater apoptosis with excessive oxygen exposure.
Over the last 15 years hyperoxia-exposed neonatal mice have been increasingly employed to characterize acute and longer term neonatal lung injury (15, 21, 22) . Although the etiology of BPD is clearly multifactorial, this model does exhibit many features of BPD exhibited by human infants (18) . We therefore sought to confirm that our recovering oxygenexposed model does exhibit some of these features. Both 40% and 70%-exposed pups exhibited decreased alveolar numbers compared with normoxia controls, and histological evidence for enlarged air spaces was confirmed by the decreased radial alveolar counts after both 40% and 70% oxygen exposure. These findings support the concept that different mechanisms may contribute to the longer-lasting airway reactivity, which is enhanced by modest hyperoxic exposure, and to the process of alveolar simplification, which appears to be aggravated with greater hyperoxic exposure. Interestingly, a recent study of school-age former preterm infants with BPD has demonstrated recovery of alveolarization, but persistent airway obstruction (13) .
We also sought to characterize the effects of hyperoxic exposures on airway-related collagen content. We anticipated an increase in collagen based on our prior data that a 7-day exposure of rat pups to 50% oxygen increased arginase 1 Fig. 5 . Quantification of numbers of alveoli and radial alveolar counts (RAC) in control and hyperoxia-exposed mice. Note: the numbers of alveoli (A) and RAC were (B) decreased in 40% oxygen and 70% oxygen-exposed mice compared with control mice. There was no difference in the number of alveoli and RAC between the lungs of 40% and 70% oxygen-exposed mice. Representative sections (C) of paraffin-embedded lungs from each treatment group stained with hematoxylin and eosin are also shown (i, ii, and iii represent control, 40%, and 70% oxygen, respectively; bar ϭ 20 m). *Significant difference, P Ͻ 0.05.
expression in airway epithelium compared with normoxic controls (1). This would be expected to decrease the bioavailability of L-arginase for NO-cGMP signaling and airway relaxation and, at the same time, increase downstream collagen production. We have now demonstrated a significant increase in airway related collagen content after hyperoxic recovery. This was comparable after both 40% and 70% oxygen exposure and consistent with the decrease in Crs observed in both oxygen-exposed groups. One might speculate that greater airway related collagen content after 70% vs. 40% oxygen exposure might restrict airway contractility after more severe hyperoxic exposure and explain our findings of greater airway reactivity after modest hyperoxic exposure. However, it is important to note that the increase in collagen content did not differ significantly between the two hyperoxic groups, and therefore this explanation of a differential effect of oxygen exposure on airway reactivity is unlikely. Nonetheless, these data point to a novel mechanism by which hyperoxia may alter airway structure. It is also possible that hyperoxia-induced upregulation of arginase enhances ASM proliferation and hyperresponsiveness via an increase in ornithine-derived polyamines as reported in a mature mouse model of asthma (14) . In summary, we have documented enhanced airway reactivity in neonatal mice that have recovered from modest hyperoxic exposure. We speculate that the attenuated airway reactivity after recovery from more severe hyperoxic exposure may be the result of increased ASM apoptosis as concentration of oxygen increases. These findings contrast to the increase in airway-related collagen content and decrease in alveolar number, which appeared comparable after both 40% and 70% oxygen exposure, suggesting a unique and selective response of immature ASM to such exposures. We speculate that these findings will contribute to our greater understanding of the later predisposition of both early and moderately preterm infants to airway hyperreactivity (20) .
